Recently the DØ Collaboration reported an observation of like-sign charge asymmetry (CA), which is about 3.2 σ deviation from the standard model (SM) prediction. Inspired by the observation we investigate the scalar unparticle effects, under the color charge of SU (3) c symmetry, in the CP violation in neutral B meson oscillations as well as the dispersive and absorptive parts ofB q ↔ B q transition, which can be related to the CA directly. In order to illustrate the peculiar properties of unparticle, our analysis is carried out in two scenarios for the right-handed section:
Surprisingly, the observation is about 3.2 σ away from the SM prediction [1, 2] Inspired by the anomalous CA, we study the contributions of scale or conformal invariant stuff, which is known as unparticle [34, 35] . The unique character of unparticle is its peculiar phase appearing in the off-shell propagator with positive squared transfer momentum [34] [35] [36] [37] . Due to CP invariance, the imaginary part of the phase factor leads to the absorptive effect of a process. In the case of B q −B q mixing, not only can the M q 12 but also Γ q 12 be affected [27, 37, 38] . It is interesting to investigate whether the influence of unparticle on M q 12 and Γ q 12 could enhance the phase φ q = arg(−M q 12 /Γ q 12 ) which is directly related to the CA. In order to make the production of scale invariant stuff be efficient at Large Hadron Collider (LHC), we investigate the unparticle that carries the color charges of SU(3) c symmetry [39] .
To understand the like-sign CA, we start with discussing the relevant phenomena. With strong interaction eigenbasis, the Hamiltonian for unstableB q and B q states is written as
where Γ q (M q ) denotes the absorptive (dispersive) part of theB q ↔ B q transition. Accordingly, the time-dependent wrong-sign CA in semileptonic B q decays is defined and given [40] by
Here, the assumption Γ q 12 ≪ M q 12 in B q system has been used. Intriguingly, a q sℓ indeed is not a time dependent quantity. The SM predictions [2] are
while the current data [41, 42] are
The relation between the wrong and like-sign CAs is defined and expressed [1, 43] by
Clearly, the like-sign CA is associated with the wrong-sign CAs of B d and B s systems. Since the direct measurements of a and parameterize them as
is not a conventional notation for the CP phase of the SM denoted by β q , their relationship could be read 
with
Furthermore, the mass and rate differences between heavy and light B mesons could be expressed by
Another type of the time-dependent CP asymmetry (CPA) is associated with the definite CP in the final state, defined by [40] 
where f CP denotes the final CP eigenstate, S f CP and C f CP are the so-called mixing-induced and direct CPAs, respectively. Clearly, beside the phases in the ∆B = 2 processes, the mixing-induced CPA is also related to the phase in the ∆B = 1 process. Nevertheless, since the new effects on the decays B d → J/ΨK S and B s → J/Ψφ are small, the CPAs could be simplified as
After introducing the relevant physical observables, we begin studying the effects of colored scalar unparticle. Since there is no well established approach to give a full theory for unparticle interactions, we study the topic from the phenomenological viewpoint. In order to avoid fine-tuning the parameters for flavor changing neutral currents (FCNCs) at tree level, we assume that the unparticle only couples to the third generation of quarks before electroweak symmetry breaking. Hence, the interactions obeying the SM gauge symmetry are expressed by
where λ R,L are dimensionless free parameters, q Since we only concentrate on the phenomena of down type quarks, the associated pieces are formulated bȳ
in which
. After spontaneous symmetry breaking of electroweak symmetry, we need to introduce two unitary matrices U R,L D to diagonalize the mass matrix of down type quarks. In terms of physical eigenstates and using the equations of motion, the interactions for b − q − O a U could be written as
where q = d, s, the mass of light quark has been neglected and f
By following the scheme shown in Ref. [44] , the propagator of the colored scalar unparticle is written as
For estimating the transition matrix elements, we employ the vacuum insertion method and the results are
where the approximation m b ∼ m Bq is used and f Bq is the decay constant of B q meson. As a consequence, the dispersive and absorptive parts ofB q ↔ B q in the unparticle physics are found by
For comparison, we also summarize the formulae of the SM as follows [40] :
with S 0 (x t ) = 0.784x 0.76 t , x t = (m t /m W ) 2 and η B ≈ 0.55 is the QCD correction to S 0 (x t ).
In the considering model, in addition to the scale dimension d U , the couplings λ R,L and the scale Λ U that are associated with unparticle, the flavor mixing elements (U only free parameter. Therefore, to illustrate the peculiar properties of unparticle, we study two scenarios for λ R,L and U
In scenario I, the couplings of unparticle to fermions are vector-like. In scenario II, since the behavior of left-handed couplings is similar to the scenario I, for illustrating the influence of right-handed couplings we set λ L ≪ λ R .
For simplicity, in the numerical estimates we take Λ U = 1 TeV. Table I , where the relevant CKM matrix element V tq =V tq exp(−iβ q ) is obtained from the UTfit Collaboration [45] , the decay constant of B q is referred to the result given by the HPQCD Collaboration [46] and the value of φ (CL) are from Ref. [41] . Other inputs are quoted from the particle data group (PDG) [40] .
For numerical calculations and constraints, we list the useful values in
As a result, we obtain |M 
We first discuss the situation in scenario I, i.e. the case with f
tq , the CP phase for b → q transition in unparticle exchange is the same as that in the SM. Therefore, the influence of unparticle on CPAs of b → s transition is small and insignificant. Because λ U and d U are only the free parameters, it is interesting to see if the unparticle could have a large effect on the wrong-sign CA. At first, we only consider the constraint from the time-dependent CPA of B d which is formulated in Eqs. (10) and (12) and measured with S J/ΨK S = 0.655 ± 0.0244 [41] . Taking the data of S J/ΨK S with 2σ errors as the constraint, we find that A for λ U and d U is shown in Fig. 1(a) . Unfortunately, the enhancement on the magnitude of Exp with 2σ errors as the constraint, we find that the resulted like-sign CA is close to the SM prediction. The allowed region of the parameters constrained by ∆m B d are presented in Fig. 1(b) , where the available range for like-sign CA is −2.5 < A b sℓ 10 4 < −2.3 .
We see clearly that if the CP violating source is SM-like, by the strong constraint of ∆m B d , the wrong-and like-sign CA cannot be changed significantly.
Next, we study the phenomena in scenario II. As stated early, the effects of left-handed coupling are similar to the case of scenario I, in order to display the peculiar property of unparticle, we set λ L ≪ λ R so that f In the scenario I, in which the involved CP phase is the same as that in the SM, the likesign CA could be enhanced largely with the constraint of S J/ΨK S only. However, the CA becomes suppressed when the constraint of ∆m B d is taken into account. In the scenario II where the new CP phase is from the right-handed flavor mixing matrix, we find that A b sℓ could be enhanced to the value observed by DØ, whereas the corresponding time-dependent CP cannot be enhanced to the range of current data. Additionally, the correlation between ∆Γ s and φ s could be consistent with current CDF and DØ results while the constraint of ∆m Bs is taken into account and −100 < A b sℓ 10 4 < −10 is archived.
